Therefore, we recommend follow-up studies to model the impacts of sea level rise using different elevation scenarios, and the establishment of a monitoring programme for breeding shorebirds and seabirds in Farasan Islands to assess the impact of climate change on their populations.
Introduction
During the 21 st century, climate change will be one of the major impacts of humans on natural ecosystems (Dawson et al., 2011) . Although the magnitude, spatial distribution and impacts of climate change are still being quantified, climatologists agree that one of the major impacts will be sea level rise due to melting of currently frozen water mainly in the Antarctic and the Arctic regions (Meehl et al., 2005) . Sea level rise due to climate changes predicted to be between 0.18m and 1.2m by 2100 (IPCC, 2007; Rahmstorf et al., 2007 ). This will potentially pose a major threat to coastal areas, disrupt coastal ecosystems, and induce changes in breeding and feeding areas of shoreline dependent organisms including shorebirds that feed and breed on coastal and intertidal habitats (Hughes, 2004; Baker et al., 2006; Finlayson et al., 2006; Fujii and Raffaelli, 2008; Nicholls et al., 2009; Chu-Agor et al., 2011) .
Here we investigate an aspect of the potential future impact of sea live rise on coastalbreeding shorebirds using Kentish plover Charadrius alexandrinus as an ecological model species (AlRashidi et al., 2011a) . Shorebirds (sandpipers, plovers, gulls and allies; about 350 species) are an excellent group to investigate the coastal impacts of climate change (Piersma and Lindstrom, 2004) . They are distributed globally (Monroe and Sibley, 1993; del Hoyo et al., 1996) , and they indicate global environmental changes such as ecosystem health and climate change (Piersma and Lindstrom, 2004; . In addition, they exhibit exceptional diversity in their life history and behaviour including breeding systems, foraging behaviour and migratory habits Thomas et al., 2006; García-Peña et al., 2009 in the Farasan Islands. The Kentish plover is a common shorebird on the Farasan Islands, nesting on salt marshes and sand dunes up to 1 km away from the shore. We used a fourwheel-drive car to search for nests, and once a nest was found, its location was recorded using a hand held GPS unit (Garmin e-Trex, see details in AlRashidi et al., 2011a&b). 
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23 out of 207 Kentish plover were located at/or below sea level; therefore any rise of sea level predicted to inundate 11% of these nests (Table 1 ). In addition, Farasan Islands is estimated around 700 km 2 and the total coastal area that located below 1m and is subjected to the possibility of inundation if the sea level rise by one metre is 35 km 2 ,
which is approximately 5% of the islands' area (Fig 1) . The 35 km 2 area holds 26% of Kentish plover nests, i.e. 54 out of 207 nests (Fig 2) .
Sea level rise due to thermal expansion and the melting of land based ice is likely to have a major impact on island coastal and intertidal habitats, leading to increase their loss and erosion, with the heaviest impact predicted for salt marshes and sandy beaches (Böhning-Gaese and Lemoine, 2004; Hughes, 2004; Baker et al., 2006; BirdLife International, 2008) . Our results reflect concerns raised by the study of Austin and Rehfisch (2003) that suggests sea level rise will affect both the extent and quality of coastal habitats in the UK. The major objective of our study is to undertake some preliminary work to highlight two important issues. First, there are coastal areas in the Farasan Islands where sea level rise could result in the loss of ecologically important habitats. Second, our work highlights a considerable need for ongoing research and monitoring shorebirds and other animals at the study site, and indeed in the whole Red Sea region. Future works should expand the scope of our study at least in three respects.
First, we assumed that birds will not adapt to climate change and continue breeding in the same location. This assumption is not entirely realistic, since birds should exhibit plasticity in nest site selection and where habitats allow, will shift nest locations to higher elevation sites especially when new habitat equilibrium is reach at a later stage after initial sea levels rise. However, shifting nesting territories may be problematic when other factors constrain it, such as the presence of hard sea defence which prevents landward migration of coastal habitats (Norris and Buisson, 1994; Sharpe and Huggett, 1998; Rehfisch and Austin, 2006) , and the potential to induce density-dependence by crowding more plovers onto a smaller area (Smart and Gill, 2003; Kosztolányi et al., 2006) . As nesting density increases, fights for territories will likely to intensify and this may lead to reduced breeding success (Kosztolányi et al., 2006) . Further GIS-based studies would look at the topographical nature of the areas beyond the 1m band investigated in this work, to quantify the potential for habitat (and hence plover) redistribution.
Second, our results were constrained by the availability of freely available elevation data.
Consequently, we recommend a follow-up study that investigates the impact of sea level rise by modelling at least three scenarios (5cm, 25cm and 50cm) of sea level rise on Red Sea costal habitats which can be obtained from Airborne LiDAR.
Third, our study should be extended to include other shorebirds and seabirds that breed or forage on this region. On the one hand, breeding of endemic species may be influenced by sea level rise, eg White-eyed gull Larus leucopthalmus Sooty gull Larus heimprichii, White-cheked tern Sterna repressa. On the other hand, the availability of foraging habitats may change for a number of species including Lesser sand plover Charadrius mongolus, Greater sand plover C. leschenaultii, Little ringed plover C. dubius and Crab plover Dromas ardeola. Therefore, an integrative study is needed that will take into account the impacts on both foraging and breeding habitats.
Conclusions
Taken together, our study shows that coastal areas on Farasan Islands are vulnerable to the effects of climate change, especially to sea level rise. Our preliminary study suggests that a substantial percentage of suitable nest sites will potentially be lost for a species that breeds close to the coast. Future studies are needed to relax the assumptions of our study by taking into account behavioural plasticity in nest site selection, and using a finer elevation scale for modelling sea level rise. Finally, our study points out the urgent need to monitoring seabirds and shorebirds in the Farasan Islands, and integrate these monitoring data with remote-sensing and climate change models. 
